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OBJECTIVE 


Develop  recommendations  for  preventing  failure  of  the  depression/el evotion 
drive-motor  power-cable,  and  all  other  cables,  in  the  AN/BQS-l 5  Sonar  System. 
Identify  the  causative  mechanisms.  Define  specific  corrective  actions  in  suf¬ 
ficient  detail  to  permit  preparation  of  an  engineering  change  proposal  by  the 
system  contractor. 


RESULTS 

1.  The  MIL-C-24217/3-001  connector  has  serious  design  and  fabrication 
def ici enci es . 

2.  Thirty-five  percent  of  the  returned  cables  had  been  rejected  or  had 
failed  because  of  abrasions,  cuts,  etc,  caused  by  mishandling. 

3.  Thirty-five  percent  had  failed  because  of  mechanical  and  electrical 
breakdown  in  the  cable. 

4.  Thirty  percent  had  nothing  wrong  except  that  in  most  of  these  the 
connectors,  normally  supplied  by  the  shipyard,  had  been  cut  off.  This  implied 

that  problems  with  these  cables  may  have  been  solely  associated  with  the 
missing  connectors. 


RECOMMLNDATIONS 

1.  Modify  acceptance  criteria  for  the  cables  to  include  a  physical 
inspection  of  the  neoprene-to-met<il  bond.  The  inspection  should  be  similar  to 
the  inspection  of  the  bond  used  for  M 1 L -C-24231  connectors. 

2.  Modify  the  24217/3-001  connector  to  eliminate  the  cable  notch. 

3.  Modify  the  mold  for  the  24217/3-UOl  connector  to  include  a  4b°  beveled 
termination  near  the  connector  coupling  nut,  and  to  be  faired  without  a  step 
at  the  cable. 

4.  Mold  the  part  number  and  date  ol  fabrication  into  the  connector  mold 
to  serve  as  lot  number  i nt onnation. 


h.  l)o  not  extend  the  water  block  in  these  connectors  beyond  the  metal 
shel I  housi  ng. 


0.  Install  a  pressure  strap  near  the  4h°  beveled  termination  ol  the  mold 
to  aid  in  preventing  long-term  bond  failure. 

7.  Machine  an  U-ring  groove  into  the  metal  sleeve  in  the  area  directly 
beneath  the  pressure  strap. 


U.  Direct  personnel  removing 
supply  detailed  failure  scenarios 
cognizant,  technical  center  to  aid 
changes  in  the  system. 


cables  Unit  have  failed  in  i  list  a  1 1  at  i  on  to 
with  cables  returned  to  the  vendor  or'  oilier 
in  incorporating  developmental  engineering 


9. 


Direct  personnel  to  avoid  rough  handling  of  the  cables. 


10.  Fabricate  the  coupling  nut.  from  material  that 
reactions  within  the  connector.  This  material  should 
Teflon  tape  should  be  used  on  installation  to  prevent 


would  eliminate  galvanic 
be  316  stainless  steel. 

thread  galling. 
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BACKGROUND 


The  AN/BQS-15  sonar  system  has  experienced  an  inordinate  amount  of  out¬ 
board  cable  failures,  particul arly  wi t.h  the  depression/  elevation  (P/O 
drive-motor  power  cable  W31  (part  8-60013652).  Other  AN/BOS- 15  outboard 
cables  also  have  been  failing  at  a  very  high  rate.  Failure  of  the  P/E  cable, 
caused  by  water  flooding  of  the  P?  connector,  damages  the  D/E  drive  motor. 

This  seriously  degrades  the  submarine's  forward- 1 ook  capability,  requires 
major  repair,  and  results  in  high  repair  costs.  Table  1  lists  the  cables  that 
have  been  sent  to  the  fleet  as  replacement  items. 

NAVSEASYSCOM  63X143  requested  that  the  cable  fail ure  mechanisms  be  identi¬ 
fied  and  specific  corrective  action  defined.  Recommendations  were  requested 
that  would  be  sufficiently  detailed  to  pern  it  preparation  of  an  engineering 
change  proposal  by  the  AN/BQS-15  contractor,  Ametek,  Inc,  Straza  Division. 


DESCRIPTION  OF  TEST  CARLES 

The  location  in  the  submarine  of  the  cables  examined  in  this  analysis  is 

shown  in  figure  1,  and  their  description  in  table  2.  There  were  19  different 
cable  numbers;  the  total  analyzed  was  41. 

Table  1  lists  47  cables  as  replaced,  but  not  all  of  the  failed  carles  wore 
returned  to  Ametek  or  NOSC.  All  of  the  cables  used  in  this  analysis  had  been 
returned  to  Ametek  as  defective,  except  one,  a  1-130  (son  15024),  which  was 
received  from  the  Amec am  Division  of  l i t ton  Industries.  Its  history  is 
unknown;  Amecom  has  no  knowledge  of  the  cable. 

As  can  be  seen  in  table  ?,  all  of  the  cables  supplied  to  NOSC  by  Ametek 
have  MII.-C-24217  connectors  on  at.  least  one  end.  The  connectors  have  from  3 
to  14  pins.  Two  ol  ttie  cables  use  90°  connectors;  one  of  these  has  3  pins  and 
the  other  has  14.  The  bitter  ends  of  the  cables  have  a  MII.-C-24231  Port.smouih 
connector,  installed  at  the  shipyard.  Some  ol  the  caul  os  returned  to  Ametel 
had  those  connectors  attached,  however,  most  had  boon  removed,  figure  ?  shows 
the  above  cables.  Mote  that,  at  least  three  have  only  pigtail  ends. 
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Table  1.  AN/IHJS  1>  leplacemehi  cables  sem  in  1  lie  lieel  (.in  ol  lX'ccinbci  lw7^) 


nalvzed  cables. 


W19  R  SO  19  2SWh  3 


W 20  R  SQ20 


W31  H SQ31  DSS 4 


W38  H  SG38  OSS  3 


W3‘J  R  8039  OSS  3 


W4  J 


CONDUCT  OF  ANALYSIS 


OBJECTIVES 

The  principal  objective  of  tins  analysis  has  been  to  determine  the  modes 
of  failure  of  the  W31  cable.  Additionally,  the  modes  of  failure  of  all  other 
cables  were  required  to  bo  determined. 

The  specific  objectives  have  been  to  determine  causes  arid  extent  ol  cable 
fail ure  due  to 

Flexing  of  the  cable,  including  the  effects  of  currently  used  installation 
techniques,  eg,  bundling  of  several  pedestal  cables,  excessive  cable- 
bending 

Poor  adhesion  between  the  connector  molding  and  the  cable.,  including  poor 
cable  manufacturing  techniques,  eg,  improperly  cleaned  molds,  presence  ol 
mold  release,  chemical  incompatibilities 

Poor  adhesion  of  neoprene  and  epoxy  to  the  connector;  analysis  of  this 

potential  failure  mechanism  considered  manufacturing  techniques, 
procedures,  and  quality  assurance  in  addition  to  chemical 
1 ncompatibi lilies 

Molding  imperfections,  such  as  bubbles,  in  the  neoprerie  and  epoxy 
Failure  of  cab! e-assembly  components  such  as  connectors,  U  rings 
Storage  and  aging 


INVESTIGATION  METHOD 

Initially,  40  failed  cables  were  delivered  to  NOSE.  All  were  labeled 
indicating  part ,  cable,  and  serial  numbers.  Serial  numbers  weie  stamped  on 
the  brass  coupling  nut  of  tin:  MII.-C-2421 7  connectors.  The  analysis  consisted 
uf  the  following  successive  steps 

1.  tacli  cable  was  physically  inspected  and  the  results  we  re  tecoidcd 

?.  .Salient  characteristics  ol  cable  deficiencies  were  photogr  aplied  using 
a  close-up  lens 

3.  Continuity  tests  were  made  to  determine 
liesi stance  ol  each  line 

Short  circuits  between  lines 

4.  Ari  insulation  resistance  test  (using  LOU  V  do  and  a  meyohiiimeter  )  was 
made  on  each  cable 
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‘j.  Cables  wore  X-rayed  to  dot  ermine 
Construction  details 
Bond  ini)  breakdowns 
other  internal  characteristics 

6.  A  test  fixture  was  fabricated  to  determine  the  volume  of  the  cable 
that  had  previously  been  flooded  by  water;  figure  3  illustrates  the  test  se'up 
in  which  the  cable  was  placed  into  a  water-filled  pressure  vessel  and  pressure 
increased  until  the  water  (laced  with  a  red  dye,  a  barium  sulfate  solution, 
and  a  wetting  solution)  was  just  visible  in  the  exposed  connector 

7.  After  removal  from  the  test  chamber,  the  cables  were  X-rayed  and 
dissected  to  determine  flood-failure  paths,  and  were  photographed  using  a 
c,lose-up  lens;  they  were  also  photographed  under  ultraviolet  light 

8.  Those  cables  showing  no  visible  signs  of  leakage  after  at.  least  30 
minutes  under  1000  psi  (5.895  MPa)  were  again  tested  for  insulation  breakdown 
using  500  V  dc  and  a  megohmeter 

9.  °aul  Henderson  of  NWSC  Crane  examined  the  neoprene  molded  material  for 
impioper  curing,  effects  of  aging,  and  other  reasons  for  loss  of  bond  to  the 
steel  casing  (his  report  is  in  appendix  A) 

10.  Installation  procedures  were  reviewed  and  shipyard  installation 
techniques  were  monitored  to  determine  possible  areas  for  improvement 

11.  Failures  caused  by  handling  were  identified 

12.  A  meeting  to  review  test  results  and  their  interpretation  was  held  at 
N0SC  on  5  February  1980;  those  in  attendance  were  from  NAVSEACENPAC,  Ametek/ 
Straza,  NWSC,  NUSC,  Mare  Island  Naval  Shipyard,  NAVSECN0RDIV,  and  N0SC  (a 
report  on  this  meeting  is  in  appendix  B) 
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TEST  RESULTS 


Table  3  lists  all  analyzed  cables  by  serial  number  and  type,  and  classi¬ 
fies  the  mode  of  failure.  Failures  due  to  handling  comprise  the  largest  group 
and  are  caused  primarily  by  abrasions  and  cuts  in  the  cable,  not  by  normal 
wear  as  installed. 

The  next  largest  failure  group  consists  of  cables  where  causes  could  not 
be  determined  because 

Failure  cause  had  not  been  documented 

Failure  occurred  in  a  connector  which  had  been  cut.  off  and  not  supplied 

for  analysis 

Failure  is  intermittent  and  cause  could  not  be  determined  during  analysis 

The  group  listing  leakage  due  to  bonding  breakdown  shows  a  predominance  ut 
the  W31  cable,  the  principal  test  specimen  in  this  investigation.  Only  the 
W31  cable  showed  visual  signs  of  leakage  at  the  pin  interface  during  pressure 
testing.  The  W30  cable  showed  bond  breakdown  or  leakage  Inside  the  connector 
of  one  specimen.  This  was  the  MII.-C-24217/3-004  (P?  on  W30).  A  W?4  cable, 
which  had  been  involved  in  a  collision  with  ice,  arid,  therefore,  not  tested  ip 
the  water-pressure  test,  showed  flooding  and  a  strong  leakage  path  info  the 
pin  area. 

The  internal  shorts  group  lists  connectors  whose  failure  was  diagnos'd 
during  the  physical  and  electrical  inspections.  Approximately  half  of  this 
group  was  diagnosed  after  pressure  testing  the  cables.  No  physical  signs  of 
water  penetration  were  observed  in  these  cables,  however,  X-ray  Inspect  Ion 
showed  that  the  shielded  areas  were  too  close  together  ,  !i  appears  that  the 
pressure  had  caused  the  lines  to  touch  and  that  this  was  partly  t  hr  •  reason  for 
the  original  cable  failure  diagnosis.  Handling  of  the  cable:,  and/or  releasing 
pressure  on  the  shields  had  opened  the  contact  and  had  allowed  the  cabins  to 
pas.,  the  electrical  inspection. 


DEPRESSION/ ELEVATION  POWER  CAB LI 

Fiyure  4  shows  the  in  situ  installation  uf  Urn  W31  and  WIN  cabins  -if,  ihe 
AN/BQS-lb  pedestal.  Failure  of  trie  smaller  90"  connector  (loft  si  dr.-  of  the 
motor)  precipitated  this  analysis.  Tier  unrestricted  surrounding  u-ea  arid  Urn 
free  motion  of  the  pedestal  assembly  would  al  low  mud  i  f  icat  lore,  i.u  both  of 
these  connectors  without  significant  constraint  m  s'/e.  lignin  !.  show,  con¬ 
nectors  P]  and  n  of  the  W3l  cable  (ser  19014).  A  partial  d  i  s  'wet  ion  of  the 
90"  portion  of  the  I’P  connector  is  shown  in  figure  9;  the  pink  wirr  (normally 
White)  at  the  center  of  the  figure  indicates  dye  pend r at i ng  to  this  point  In 
the  connector.  There  is  little,  if  arty,  bond  over  a  vet  y  largn  area.  Possible 
reasons  for  bond  failure  in  this  connector  are  discussed  in  appendix  A. 

figure  7  shows  ari  enlargement  of  the  1  a  i  I  ed-bond  area,  11  I  us' r  at  i  ny  Mu 
lack  of  surface  preparation  for  bonding.  Linear  scratches  on  the  metal  slr-e/i 
were  caused  by  the  dissecting  tool,  /\  complete  dissection  of  this  type  of 
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connector  is  shown  in  figure  8a.  Clearly  illustrated  by  pink  is  the  water 
path  that  resulted  in  failure  of  the  connector.  A  cross  section  of  the  rubber 
molding  is  shown  at  the  right  in  the  figure;  the  gray  area  surrounding  the 
wire  is  a  hard-epoxy  compound.  The  compound  can  also  be  sepn  inside  the  blue 
insert  at  the  left  in  the  figure.  The  minimum  water  path,  approximately  1/4 
inch  (6.35  mm),  can  be  seen  in  the  center  of  the  rubber  molded  section  below 
the  left  edge  of  the  epoxy.  The  metal  sleeve  section  is  in  the  center;  the 
uppermost  left  edge  is  the  cutout  which  is  in  the  main  water  path.  In  8b  an 
ultraviolet  exposure  illustrates  more  clearly  the  flooded  areas  in  this 
di ssect i on . 

Figure  9  shows  an  additional  dissection  of  the  same  P2  connector.  The 
rusted  area  in  the  center  of  the  metal  sleeve  indicates  the  principal  water 
path  which  caused  failure  in  this  connector.  Pink  areas  in  the  rubber  mold 
(top  center)  and  near  the  cutout  portion  of  the  connector  (left)  clearly 
illustrate  water  leakage;  the  gray  area  inside  the  blue  insert  is  the  hard 
epoxy  water  block.  The  hard  epoxy  shows  fracture  at  the  interface  of  the 
metal  sleeve  and  the  stress  relief  section  which  is  the  tail  of  the  uppermost 
part  in  this  photograph.  A  section  of  the  insert  is  shown  at  the  right. 

Figure  10  shows  a  third  dissection  of  the  90°  connector.  As  can  be  seen 
on  the  right,  the  bond  failure  is  in  the  vicinity  of  the  cutout,  and  the 
rusted  section  defines  the  water  path. 

These  results  are  considered  to  show  clearly  that  the  failure  path  was 
defined  as  being  under  the  rubber,  through  a  failed,  previously  bonded, 
section  into  the  cutout  area  of  the  metal  sleeve,  then  through  the  circum¬ 
ferential  area  surrounding  the  blue  plastic  insert,  past  a  protective  ()-rinq 
in  this  insert,  and  then  to  the  pins.  This  failure  path  was  observed  during 
the  pressure  testing,  ie,  the  pink  liquid  used  in  the  pressure  test  was  seen 
to  emerge  from  the  circumference  of  the  blue  insert. 


Connector  P2  on  Cable  W30 

A  dissection  of  P?  of  cable  W30  is  shown  in  figure  11.  This  connector  is 
the  larger  90°  connector  shown  in  figure  4.  Its  construction  is  very  similar 
to  that  of  PI  in  the  previous  section  and  the  failure  mode  is  considered  to  be 
identical.  The  right  side  of  figure  11  shows  a  gray  epoxy  water  block  inside 
the  stress-relief  section  of  the  mold.  The  water  block  is  cracked  in  several 
places,  most  noticeably  at  the  interface  of  the  stress-relief  section  and  the 
metal  sleeve,  near  the  cutout  (where  the  wires  enter  the  connector).  At  the 
left  in  this  figure,  lying  on  top  of  the  blue  insert,  is  a  portion  ol  the  fi¬ 
ring  designed  to  prevent  water  from  entering  at  the  open  end  ot  the  connector, 
rattier  than  to  keep  out  high-pressure  water  which  could  enter  through  the 
flooded  back  end  (as  occurred  in  this  connector).  Once  water  reaches  the 
innermost  section  of  this  sleeve  there  is  no  longer  any  bonded  area  to  prevent 
1  ea  k  a  ge . 


Connector  PI  on  Cable  W31 

f'J  of  cable  W31  is  an  inline  connector  and  no  failure  of  this  connecter 
has  yet  been  observed,  however,  a  dissect. ion  of  the  connector  was  made  for 
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diagnostic  purposes  (figure  1?).  The  main  pins  in  the  connector  are  sealed 
with  glass  and  a  polyurethane  section,  seen  in  the  lower  part  of  the  figure  as 
a  light  yellow  area  to  the  right  of  the  bright,  gold  pin.  The  metal  sleeve  in 
the  upper  section  consists  of  two  pieces  for  ease  in  connecting  the  wires  to 
the  rear  of  the  connector  pins.  The  rubber  molding  is  forced  into  the 
threaded  section  during  vulcanization  and  aids  in  reducing  the  likelihood  of 
the  threaded  section  becoming  a  water  path.  The  gray  area  in  the  center  of 
the  lower  portion,  which  extends  some  distance  into  the  tapered  stress  relief 
section  of  the  mold,  is  a  water  hlock  epoxy.  It  is  considered  not  necessary 
since  none  of  the  many  connectors  supplied  by  the  shipyard  use  a  water  bloc! 
made  of  material  different  from  that  used  to  mold  the  rest  of  the  connector 
(polyurethane).  Also,  the  hard  epoxy  water  block  tends  to  reduce  the  effec¬ 
tiveness  of  the  stress-relief  design  of  mold  itself.  If,  because  the  molded 
portion  of  the  connector  is  made  from  neoprene,  the  innermost  portion  of  the 
metal  connector  shell  must  he  filled  completely  so  as  to  reduce  any  motion 
(because  of  exterior  pressure  on  the  cable  end  connector),  then  it  is  sug¬ 
gested  that  only  the  area  inside  the  connector  shell  he  filled  with  either 
epoxy  or  polyurethane.  This  has  been  done  in  some  instances  with  these 
particular  connectors.  The  water  block  fill  should  not  extend  into  the  stress 
rel ief  area . 


Failed  Bonds  on  Inline  Connectors 

Figure  13  shows  several  MJL-C-24217  inline  connectors  with  varying  degrees 
of  bond  failure.  Those  on  the  left  side  show  only  slight  traces  of  bond 
failure,  that  on  the  right  shows  a  cor'plete  bond  failure  which  resulted  in 
flooding  of  the  connector.  The  latter  connector  has  been  completely  dissected 
and  shows  (fig  14)  a  polyurethane  water  block  which  extends  into  the  stress 
relief  section  of  the  molded  connector;  as  in  several  other  examples  found 
with  these  connectors,  the  neoprene  does  not  bond  to  the  polyurethane.  A 
slippage  occurs  inside  the  stress-relief  section,  and  possibly  it,  is  a  cause 
for  excessive  stress  ort  the  bond  area.  The  flooding  path  may  be  seen  un  the 
blue  insert  on  the  right,  and  inside  the  steel  shell  in  the  center.  The  rubber 
mold  appeared  to  he  in  good  condition  thronghou*  ,  however,  t  ho  bond  failed 
because  of  flooding.  A  pink  dye  is  not  seen  here  because  this  connector  was 
not  included  in  the  pressure  tests. 


POSSIBLE  CAUSE  OF  BOND  FAILURE 


It  is  difficult  if  not  impossible  to  assess  the  reasons  for  bend  failure 
in  cables  of  this  type.  Several  probable  causes  that  have  been  suggested  are 
discussed  in  a. report  by  Paul  Henderson  of  NWSC  CRANE  (appendix  A).  Of 
special  interest  in  the  analysis  of  the  bond  failures  is  the  initial  nature  of 

bond  breakdown.  Specifically,  some  salient  qualities  of  bond  breakdown  may  be 

seen  in  figure  15,  a  closeup  of  an  inline  connector  with  incipient  bond  fail¬ 
ure.  In  the  center  of  the  figure  the  neoprene  is  shown  removed  from  the  metal 
shell  of  the  connector  in  order  to  expose  the  failed  bond  areas;  the  semi¬ 
circular  lines  in  the  lower  center  indicate  several  different  stages  of  the 
bond  failure  process.  The  bond  is  intact  farther  from  the  termination  of  the 
bond  neoprene  which  is  at  the  center  of  the  figure.  This  condition  appears  to 
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type  of  failure  occurs  over  a  relatively  long  period  of  time,  i f  may  not  be 
due  to  poor  fabrication  methods  but  rather  to  the  basic  design  of  *  he  connec¬ 
tor.  A  possible  cause  might  be  the  dissimilar  metals  used  in  this  connector. 
Tho  metal  shell  (center  section)  of  the  connector  is  made  of  a  315  stainless 
whereas  the  connecting  nut  is  nickel -al urinum  bronze.  A  test  in  the  labora¬ 
tory  using  soa  water  showed  that  approximately  P.?5  volt  of  electrical  poten¬ 
tial  exists  between  these  two  metals.  It  is  possible  that  under  lout)  term 
conditions  a  galvanic  process  as  yet  not  completely  diagnosed  might  exist  in 
which  the  basic  primer  is  caused  to  become  increasingly  permeated  by  water. 
Diffusion  of  water  into  tho  adhesive  from  tho  edge  of  the  neoprene  mold  would 
then  result  in  a  breakdown  of  the  bond.  This  could  also  occur  if  tho  galvanic 
process  caused  the  primer  to  simply  dissolve  into  1  he  wafer,  details  of  'his 
type  of  failure  mode  are  currently  being  studied  ?<  ‘ho  Texas  Research 
Institute,  Inc,  in  Austin,  Texas.  Results  of  tho  study  at  this  f i me ,  however, 
are  inconclusive.  Although  this  phenomenon  could  be  studied  in  great  detail, 
it  is  simpler  to  just  change  tho  coupling  nut  of  ‘his  connector  to  3 stain- 
loss,  thereby  eliminating  any  dissimi lar-metal  or  galvanic  process.  Coupling 
would  then  require  teflon  tape  nr  a  non-nailing  lubrican4  so  as  to  eliminate 
thread  damage. 

CONCLUSIONS  AND  RECOMMENDED  SOLUTIONS 

When  the  acceptance  criteria  for  ‘hose  cables  were  reviewed  during  4  hr 
early  phase  of  this  investigation,  it  was  discovered  ‘hat  a  large  number  of 
cycles  at  high  pressure  were  used  to  determine  whe'her  or  not  the  connectors 
leaked.  If  the  cables  did  not  leak  during  ‘he  pressure  cycles  they  weep 
considered  to  be  acceptable.  There  was  no  visual  or  mechanical  inspection  of 
the  bond  in  the  connector  near  the  tormina* ion  of  *  he  bond  on  ‘he  me ‘ a  1 
sleeves.  There  was,  however ,  a  mechanical  check  for  ‘he  bond  on  the  cable. 

The  lack  of  a  visual  mechanical  inspec4  ion  'or  any  ini4ial  failure  of  *  ho  bond 
on  a  metal  sleeve  is  considered  to  be  4he  weakest  par*  of  the  accept  aru.o  cri¬ 
teria.  It  is,  therefore,  one  of  tho  conclusions  nf  this  invest i oat  ion  ‘  ha4  a 
mechanical  and  visual  inspection  nr  *  he  bond  at  its  termination  on  4  tie  metal 
sleeve  be  incorporated  into  f he  inspection  criteria.  In  order  ‘ hat  ‘his  may 
be  accomplished  with  relative  ease,  i*  is  reconnected  that  the  bond  ;n  this 
area  be  terminated  with  a  45°  bevel.  Terminating  a  mold  ;n  this  manner  all  owe 
easy  visual  inspection  of  the  bond.  Additionally,  n‘ hers  have  do' ena  tried  4ha‘ 
a  better  bond  results  when  the  mold  terminates  in  ‘his  manner  (appendiv  A). 
Although  the  reason  *or  this  is  unknown  i4  may  he  due  '  o  lower  heat  *  rans'e* 
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in  the  area  of  the  45°  bevel  during  vulcanization.  When  the  mold  terminates 
at  90°  there  is  only  a  very  thin  section  of  the  mold  in  this  area,  and,  there¬ 
fore,  increased  heat  transfer  occurs.  The  method  of  inspection  can  follow 
that  used  for  MIL-C-24231  connectors  when  the  mold  terminates  at  45°. 

The  material  used  for  a  water  block  in  the  system  should  not  extend  into 
the  stress  relief  portion  of  the  mold  but  should  be  terminated  at  the  end  of 
the  metal  sleeve.  Additionally,  the  stress  relief  portion  of  the  mold  should 
be  faired  into  the  cable  rather  than  terminate  as  a  step  at  the  cable  end. 

The  cutout  portion  of  the  smaller  MIL-C-24217/3-001  connector  should  be  elimi¬ 
nated,  the  lines  routed  up  and  over  the  metal  sleeve,  and  the  mold  changed  to 
accommodate  this  in  a  manner  similar  to  that  of  MIL-C-24231/2-001.  A  sketch 
showing  this  can  be  seen  in  figure  16.  It  illustrates  the  90°  termination, 
the  fairing  into  the  cable,  routing  of  the  wires  around  the  rear  of  the  metal 
sleeve,  trie  epoxy  water  block,  a  metal  pressure  strap,  and  an  0-ring  groove  in 
the  metal  sleeve  directly  under  the  metal  strap.  The  metal  strap  is  recom¬ 
mended  since  there  have  been  laboratory  results  (at  NUSC)  showing  that  its  use 
apparently  aids  in  the  tolerance  of  the  bond  to  a  severe  pressure  environment. 
Some  results  using  the  strap  have  shown  bond  failure  in  all  areas  except 
directly  below  the  metal  strap.  Installation  of  the  metal  strap  can  be 
simple.  One  method  would  be  to  tighten  the  strap  so  that  the  exposed  surface 
of  the  strap  just  becomes  flush  with  the  exterior  surface  of  the  neoprene.  A 
buckle  would  be  used  to  tie  the  strap  in  a  manner  presently  used  on  many 
deep-submersible  transducers.  A  specially  designed  tool  has  been  fabricated 

for  this  purpose;  details  of  the  tool  are  available  from  NOSC. 

* 

Although  the  results  of  this  investigation  have  shown  no  dramatical ly 
conclusive  single  mode  of  failure  for  all  cables,  tho  results  have  led  to  a 
considerable  number  of  modifications  to  the  system  as  being  desirable  if  not 
completely  necessary.  In  addition  to  the  above  modifications  to  the  90° 
connector,  sane  modifications  are  also  considered  necessary  for  the  inline 
connectors.  These  include  continued  use  of  the  45°  termination  of  the  molding 
in  the  vicinity  of  the  nut,  and  the  use  of  both  the  0-ring  groove  and  the 
stainless  steel  pressure  strap.  In  addition,  the  mold  should  be  tapered  into 
the  cable  as  in  the  90°  connector.  The  coupling  nut  should  also  be  changed 
from  nickel -al uminum  bronze  to  316  stainless,  and  teflon  tape  should  be  used 
to  prevent  thread  galling.  These  are  all  changes  to  the  present  system.  An 
artist's  concept  of  the  recommended  connector  is  shown  in  figure  16.  Although 
there  has  been  only  one  known  failure  due  to  flooding  of  an  inline  connector, 
our  results  indicate  that  there  is  a  high  probability  that  in  the  future,  more 
failures  of  the  same  type  will  occur  in  the  inline  connector. 
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APPENDIX  A:  CABLE  BONDING  FAILURE 


This  appendix  consists  of 
the  bonding  failures  found  on 
sion  of  other  possible  design 
system.  It  was  originally  is 
here  essentially  intact. 


a  report  on  some  detailed  background  related  to 
these  cables.  The  report  contains  some  discus- 
considerations  for  improving  the  present  cabling 
sued  as  an  informal  test  report  and  is  included 


5  Fob  80 
By  Paul  Heridorson 

NWSC  Crane 

PURPOSE:  The  BQR-15  cable  assemblies  are  exhibiting  extremely  low  service  life 
due  to  water  entering  the  connector  and  shorting  out  the  socket  contacts. 

Crane  has  been  tasked  to  analyze  the  rubber  to  metal  interface  which  is  the 
primary  rear  seal. 

BACKGROUND:  In  December  1979  a  cable  assembly  (P/N  8-600136552,  S/N  15032)  was 
received  from  Naval  Ocean  Systems  Center  to  be  analyzed.  It  was  a  reject  unit 
from  the  suspect  manufacturer's  lot  that  was  exhibiting  this  low  life  failure. 
This  reject  was  caused  by  a  cut  in  the  strain  relief  prior  to  installation,  so 
this  cable  had  not  seen  sea  environment.  This  cable  gave  us  a  real  insight 
into  the  overall  cable  problem. 

DISCUSSION: 


1.  A  small  probe  with  a  1/16"  ball  tip  was  used  to  lightly  lift  the  bond  area 
to  test  mechanical  integrity  of  the  rubber  to  metal  bond.  Photograph  (1) 
showed  that  the  rubber  lifted  easily  from  the  metal  indicating  that  there  is  a 
major  rubbt,  problem  in  this  area. 


2.  One-half  inch 


strips  were  cui  at  90°  from  each  other,  parallel  to  the  axis 
starting  at  the  mold  parting  line.  Ihese  strips  were  pail  led 
back  revealing  almost  complete  bond  failure  (see  photographs  (2)  and  (3)). 

This  type  of  failure,  90°  f ran  the  parting  line,  is  called  spotty  rubber  (SR) 
and  is  evidenced  by  the  appearance  on  the  metal  surface  of  splattered  rubber. 
On  the  0°  (parting  line)  strip  there  is  a  complete  absence  of  bond  revealing 
exposed  metal  (CM).  (See  photograph  4.)  Doth  of  these  failures  can  be  caused 
by  the  same  basic  problems. 

a.  Oil,  dirt,  or  other  foreign  matter  on  the  metal  suriace  may  have 
prevented  adhesion  from  taking  place. 

b.  Too  rapid  evaporation  of  solvents  in  the  adhesive  may  result  in 
ultrafast  drying  of  the  adhesive. 


c.  Mow  of  the  elastomer  stock  during  bonding  may  have  caused 
displacement  of  the  adhesive  from  the  metal  surface. 


3.  Since  the  bond  failure  was  at  the  metal  primer  interface,  it  is  assumed 
that  the  basic  rubber  stock  (WRI  Polychl oroprene  with  40  fo  607,  carbon)  is 
adequate  for  this  application.  Ihe  durometer  was  homogeneous  throughout  the 
elastomer  indicating  proper  mastication  and  curing.  There  was  no  evidence  ol 
plasticizer  migration. 

4.  The  primet  system  used  by  Viking  was  the  two  coal,  method  of  bonding  the 
elastomer  to  metal. 

Tills  two  coat  method  is  used  when  the  assembly  will  (ace  severe  usage  and 
extreme  temperature ,  but  the  bonding  temperature  must  be  high.  This  is  by  fat 
file  best  method  for  this  application. 


48 


covtn  CfcMfcNT  (C) 


i‘l,  tHCEMEMTIFI 


FHIMFR/Mt  T Al 
FAILURE  (CM) 


7VJC  . ^l-lCM 


5.  Probable  causes  of  the  CM  failure: 

a.  Problem.  Poor'  metal  surface  —  oil  or  powdery  residue. 

Solution.  Better  chemical  or  mechanical  cleaning.  Chock  operation. 

b.  Problem.  Ixcess  flow  of  the  elastomer  stock  during  tire  bonding 

process  may  cause  cl i spl aceiuent.  of  the  adhesive  from  the 
metal . 

Solution.  Use  semipositive  molds  if  compression  molding  technique  is 
required,  or  use  transfer  molding  to  reduce  this  excess 
flow  and  keep  proper  pressure  in  cavity. 

c.  Problem,  Sacrificial  metal  activity. 

Solution.  Avoid  the  dissimilar  metals  in  abrasive  cleaning. 

d.  Problem.  Contamination  of  treated  metal  parts  before  adhesive 

appl ication. 

Solution.  Cover  parts. 

6.  The  most  critical  area  of  failure  occurs  at  tin-  1P.0'  mold  parting  line. 
(See  Photograph  ('>)).  This  is  due  to  the  small  distance  between  table  entry 
point  and  the  elastomer  cutoff.  If  the  bond  lulls  in  this  area  there  is  a 
direct  entry  path  lor  water  into  the  cable  assembly  causing,  at  least,  a  short 
in  the  contacts. 


7.  Some  other  changes  to  improve  the  product  might  be  considered. 

a.  Add  a  test  for  integrity  of  the  bond,  such  as  a  pry  test,  to  the 
specification  for  this  connector  (MIL -C -24? 1 7  (SHIPS)).  This  would  be  a  100% 
test  requirement. 


b.  Add  a  peel  test  to  paragraph  3  on  a  sample  basis  to  prove  out 
production  process. 

c.  Changes  to  design. 

(1)  Bonding  of  metal  to  rubber  can  be  greatly  improved  and  life 
expectancy  extended  for  a  much  longer  period  if  the  leading  edges  of  the  bond 
area  are  kept  in  compression.  This  may  be  accomplished  by  placing  a  strap 
around  strain  relief.  See  figure  1. 

(2)  Bond  design.  The  elastomer  shape  should  avoid  any  sharp  radii  and 
abrupt  elastomer-metal  cutoff.  The  present  design  has  both  discrepancies  and 
the  shape  could  be  changed  as  shown  in  Figure  I. 


i  iyurc  ] . 

(3)  The  effective  bond  length  may  be  increased  and  an  ('-ring  type 
action  obtained  by  cutting  grooves  on  the  metal  part.  (Set  ligurc  '/.)  Ibis 
also  gives  more  mechanical  strength. 

A  tube  may  be  added  to  support  the  S'fain  relief  on  the  right  angle  connector 
giving  more  bond  length.  Ibis  tube  may  he  welded  or  soldered  in  plain  lor 
ease  of  replacement.  The  tube  may  also  have  grooves.  (See  figure  3.) 
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AN/BQS-1 5  CABLC  FAILURE.  ANALYSIS  MELTING  REPORT 
By  T.  !..  Lewis 


The  test  plan  for  the  cable  failure  program  was  presented  and  discussed. 

Several  of  the  attendees  indicated  that  they  would  forward  written  comments. 

Several  samples  of  dissected  cables  were  shown  to  illustrate  the  failure 
mode  of  the  U1?.  1  (B/l  )  3-|  in  90°  connector.  Test  results  indicate  that  this 
connector  will  require  a  fundamental  change  in  its  design.  The  leakage  pa t hi 
in  the  90"  connector  has  been  confirmed  to  be  up  the  outside  of  the  orinector 
metal  sleeve  thru  the  side  notch  and  then  down  the  inside  of  the  metal  sleeve 
to  the  pi ug- receptac 1 e  interlace.  The  connectors  did  not  leak  along  the  wire 
path , 

A  dissection  of  the  W30  (D/f  )  14-pin  90"  connector  also  showed  the  same 
water  path  failure  mode. 

A  proposed  solution  to  the  problem  was  (.'resented  for  comments  This 

solution  is  illustrated  below  along  with  the  existing  connector. 
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A  principal  fault  with  the  existing  90"  connector  emanates  from  the  laying 
up  of  the  epoxy  water  block.  The  volume  encapsulated  in  the  conical  strain 
section  has  several  problems  related  to  it: 

1.  It  reduces  the  minimum  neoprene  bond  water  path  from  an  available 
3/8  inch  to  1/4  inch. 

2.  It  does  not  allow  the  strain  relief  section  to  function  as  designed. 

3.  It  is  not  layed  up  uniformly. 

4.  All  dissected  pieces  showed  cracking  of  the  water  block  closest  to  the 
connector  metal  sleeve  near  the  wire  entry  notch. 

Concern  was  raised  at  the  meeting  about  the  proposed  pressure  strap.  This 
method  is  presently  under  development  at  NUSC  (Charley  Olds).  Its  use  will 
stop  leakage  even  if  the  neoprene  bond  failed.  Similar  straps  have  been  used 
for  years  on  sane  transducers.  The  implementation  of  the  strap  here  however 
needs  design,  material  ,  and  installation  development. 
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S/N  Q107-UP-776-8Q97 

DEPARTMENT  OF  THE  NAVY 

Memorandum 


270.3-Ser.  318 
DATE:  12  March  19R0 


FROM:  Tow  Yee,  Code  270.301,  NAVSHIPYPMARE 

TO:  Tom  Lewis,  Code  6231,  Naval  Ocean  Systems  Center 

SUBO:  AN/RQS-15  Cable  Failure  Analysis  Meeting,  Comments  of 

REF:  (a)  NUSC  Ltr,  TLL:cyXA57  Ser.  623/24  of  13  Feb  1980,  Subj : 

AN/BQS-15  Cable  Failure  Analysis  Meeting 

Enel:  (1)  Sketch:  a)  fig  (1);  Polyurethane  encapsulated  MIL-C-24217 

Right  Angle  Connector 

b)  fig  (2);  Deep  Submergence  Right  Angle  Connector 
Assembly. 

1.  As  discussed  at  reference  (a),  AN/BOS-lt  Cable  Failure  Analysis  meeting, 
the  MIL-C-24217  right-angle  connections  were  flooding.  The  connectors  have  a 
hard  epoxy  backfill  and  cable  strain  relief,  and  art*  encapsulate,  in  neoprene 
rubber.  Failure  analysis  identifier!  flooding  was  caused  by  rubber  to  metal 
bond  separation  and  fracture  of  the  hard  epoxy  cable  re  Mel  at  the  connector 
shell.  Corments  on  solutions  and  MIL-C-24217  right  angle  connector  service1 
data  were  requested. 

2.  The  MIl-C-24217  rigid,  angle  connector  is  equipped  on  the  Atl/ROtl-i 3 
Submarine  Distress  Ping ?r  transducers,  and  the  deep  submergence  vehicles 
(DLV's)  MR-1,  DSV-3  (THRILL),  DSV-4  (SLACIIIT),  arid  the  deep  submergence 
rescue  vehicles  fDSRV's).  1  tie  cable  connector  assemblies  installed  on  the 
DSV's  are  reliable  and  have  riot  experienced  the  failure  mode  exhibited  by  the 
AN/B()S-]‘>  cable  connector  assemblies.  The  DSV  connect  o'r  assemblies  ate 
subjected  t.o  6.6k  foot  depths  without  significant,  failures  and  are  inspected 
and  replaced  nominally  every  6  years.  The  connectors  incorporate  a  bard  epoxy 
backfill  and  polyurethane  for  strain  relief  arid  encapsulation. 

3.  He  concur  with  the  failure  analysis  findings  that  the  All/P.OS-)1,  cable 
connector  assemblies  flooded  at  ’.in:  cable  connector.  Suggest  that  two  alter¬ 
native  methods  In-  considered.  The  methods  are  to  encapsulate  connectors  w’*h 
polyurethane,  enclosure  (1),  fig  1,  or  to  munid  act  tir  e  1  lie  proposed  right  angle 
connect  .or  cable  assemblies  incorporating  a  straight  inline  connector  shell, 
detailed  in  enclosure  (1)  of  reference  (a). 

4.  Polyurethane  encapsu 1  a fed  connectors  have  proven  to  he  reliable  for  deep 
submergence  service,  lire  on  i  i  omul  1  y  molded  pel  yn  ethane  encapsulation  elimi¬ 
nates  the  stress  fracture'  1  ail  me  at  tin-  strain  relief  area  and  increases  the 
available  bond  surface  from  (1,2b  i  riche:,  1  r,  !i  .3/6  inches,  enclosure  (1),  fig  1. 
lh('  polyurethane  to  met  a!  interface  can  be  visually  inspected  f or  bond  integ¬ 
rity  without  the  use  of  prying  tools,  which  could  damage  bond  in'egr  ity.  "1  hr* 
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molds  and  molding  procedures  are  in  service  and  available  for  polyurethane 
encapsulation  of  the  MIL-C-24217  right  angle  connector. 

5.  Right  angle  connector  assemblies  similar  to  the  proposed  method  detailed 
in  enclosure  (1)  of  reference  (a)  has  been  in  service  on  the  DSV's  NR-1  and 
DSRV's  with  satisfactory  results.  See  fig  2  of  enclosure  (1).  The  connector 
assemblies  are  repeatedly  subjected  to  6.Sk  foot  depths  without  significant 
failures.  The  connector  assemblies  installed  on  the  NP.-l  and  DSRV's  do  not 
incorporate  pressure  bond  straps  and  in  service  data  is  not  available.  The 
proposed  encapsulation  method  has  more  available  connector  bonding  surface 
than  the  MIL -C -242 1 7  right  angle  connector,  and  eliminates  the  stress  fracture 
failure  at  the  cable  strain  relief  area.  The  proposed  connector  assemblies 
can  be  installed  in  areas  where  vertical  clearance  is  not  critical. 

6.  Cable  failures  and  reliability  can  be  improved  with  quality  control 
program  and  proper  material  choice.  Surface  preparation  and  elimination  of 
the  hard  epoxy  strain  relief  area  would  eliminate  a  majority  of  problems 
encountered. 
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